Abstract
INTRODUCTION

32
The use of recycled aggregates (obtained from the treatment of construction and demolition 33 waste) and steel slag industrial by-products as coarse aggregate in normal concrete mixes is 34 primordial in reducing the environmental problems created by the dumping of these materials, 35 thus helping to maintain sustainability of the environment by reducing the opening of new 36 quarry developments for concrete production.
hydrates were found to be higher in seawater mixed concretes due to the hydration 62 acceleration via CaCl 2 . However, long-term studies revealed contradictory conclusions over 63 the influence that seawater had on these higher percentages.
64
The major preoccupation concerning seawater use in concrete mixing is over the negative 65 influences on durability properties, as the resulting concrete could suffer from a chemical producing expansions whilst chlorides affects reinforcement by accelerating corrosion [21] .
70
The main objective of this research work was to determine the properties of on site real scale 71 dyke blocks produced using coarse mixed recycled aggregates, steel slag aggregates and 72 seawater. Two experimental phases were carried out: Phase 1 was developed at laboratory 73 level and Phase 2 was developed within the Port of Barcelona where concrete blocks were 74 produced on site. The properties of the concrete dyke blocks were analyzed via means of 75 concrete specimens as well as extracted cores from the dyke blocks themselves after being 76 exposed to a sea environment for 1 year.
77
Four different types of concretes were produced in the laboratory and in the Port of 78 Barcelona, using separately freshwater or seawater. The mixes are referred to as: CC
79
(conventional concrete), CRA-50 (concrete produced with 50% of natural coarse aggregate 80 and 50% of coarse recycled aggregate), CRS (concrete produced with 50% of coarse recycled 81 aggregate and 50% of steel slag gravel) and CRA-100 (concrete produced with 100% coarse 82 recycled aggregate). The fine aggregate employed in all concretes was 100% natural sand. The results obtained by concretes produced with recycled and slag aggregates using seawater concretes mixtures. Table 1 shows the chemical compositions of the cement. density was higher than those of the natural or recycled aggregate (see Table 2 ). All fractions 100 of aggregates satisfy the requirements specified by the Spanish Standard of Structural
101
Concrete EHE-08.
102
The composition of the recycled aggregate was carried out according to the UNE EN 933- Two types of water were used for concrete production, water from the city's mains supply 113 network (W-freshwater), and seawater (SW) extracted directly from the Port of Barcelona.
114 Table 3 shows the chemical properties of both the waters employed. Four types of concretes were produced using different kinds of coarse aggregates; CC
128
(concrete produced employing 100% natural aggregates), CRS (concrete produced using 129 aggregate). Natural limestone sand was used in all concrete mixes. submerging them in water for 20 minutes) of the RA, steel slag and natural aggregates.
147
After 24 hours of casting, the concretes specimens were demolded and stored in the humidity 148 room at 22°C and 90% of humidity, until they were tested at 7 days, 28 days and 1 year. 
168
In this experimental phase, the total w/c ratio for the conventional concrete (Block 0) was also to that of CC-W concrete (conventional concrete produced with freshwater) see Table 5 . 
178
The concrete blocks' properties were determined by testing the concrete specimens which
179
were produced when the concrete blocks were manufactured. After 24 hours of casting, the concretes specimens were demoulded and stored in the humidity room at 22°C and 90% of 181 humidity, until they were later tested at different ages until the final test at 1 year of age. The 182 real scale concrete blocks were demoulded after 24 hours of production and were employed in 183 the construction of the dyke at 28 days of age (see Figure 2 ).
184
The manufactured concrete blocks were exposed to the sea environment for one year, at the The setting time of the CC-W and CC-SW concretes was determined in accordance with and phase 1 (laboratory phase).
222
With respect to durability properties, capillary water absorption (sorptivity) was carried out The compressive strengths of all concretes exceeded the minimum compressive strength of 30
261
MPa required for concrete blocks employed in dyke construction within the Port of Barcelona
262
(see Table 7 ).
263
All the concretes produced using recycled aggregates achieved lower compressive strengths increased with the use of seawater (see Table 6 )
Durability properties
295
Although all concretes achieved similar values of suction coefficient (see Table 8 ), the 296 concretes manufactured with seawater showed lower suction coefficient values than those of 297 the corresponding concrete produced with freshwater. This effect was more evident when the 298 concrete was produced with higher percentages of recycled aggregates. Figure 5 illustrates the suction coefficient reduction of each type of concrete due to use of seawater. It was noted that 300 there was a greater reduction of the sorptivity in concrete with a higher porosity. In this section, the results of the physical, mechanical and durability properties of concrete 318 specimens which were produced from the same concrete mixes employed in the manufacture 319 of each type of concrete block are described.
320
Physical properties
321
As indicated in Table 9 , the CRS concretes, produced with 50% of recycled aggregates and 
Mechanical properties
333
According to an analysis of the test results on compressive and splitting tensile strengths, the 334 concretes produced with recycled and slag aggregates achieved a lower compressive strength 335 than those of CC concrete at any of the ages of testing (see Table 10 ). The concretes used for 336 block manufacturing achieved a lower compressive strength than the concretes produced in 337 the laboratory. As mentioned previously, the concretes produced with seawater and recycled
338
aggregates needed more water than the CC-W concrete in order to achieve the same 339 workability (the on-site high temperature being distinct to that of the laboratory, which was 340 much lower), which in turn had an influence on the mechanical properties of the concretes.
341
However all the concretes, with the exception of the CRA-100-SW, obtained the minimum 50-W. This, in all probability, was due to the higher effective water-cement ratio used in the 357 manufacturer of block 2 and 3 compared to that of block 4 and 5 (see Table 5 ).
358
The use of seawater significantly reduced the capillary absorption capacity of the concretes.
359
The concretes manufactured with seawater showed a lower capillary suction coefficient than 360 that of the corresponding concrete produced with freshwater. Moreover, the CRS-SW and the
361
CRA-50-SW concretes achieved a similar or lower capillary absorption capacity at 72 hours 362 of age compared to that determined in the CC-W concrete. This, in all probability, was due to 363 an accumulation of salts in the pores of those concretes, see Figure 6 . structures (see Table 11 ). In general the concretes produced with seawater at 28 days and 1 377 year of curing had lower permeability than the concretes produced with freshwater, probably 378 due to the accumulation of salts within the pores. construction. The concrete blocks produced using recycled aggregates achieved a higher 393 absorption capacity than conventional concrete blocks due to the higher water absorption 394 capacity of RA and steel slag in comparison to natural aggregates. As depicted in Table 12 , there was no difference on the physical properties of concretes produced using seawater or 396 freshwater. However, it can be observed that the absorption capacity of conventional concrete 397 produced using seawater was higher than that produced using freshwater. This was probably 398 the result of a higher water-cement ratio as well as the lower slump value (workability) of 399 block 1 concrete, which caused greater difficulty in its compaction.
400
The density and absorption capacity of core elements were lower and higher, respectively, 401 than those of test elements (phase 2), due to different surface finish of both elements.
402
The compressive strength values of the concretes produced with recycled aggregates and 403 using steel slag aggregates were lower than those obtained by the conventional concrete. Both 404 the concrete types produced with 50% of recycled aggregates or 50% of natural aggregates or 405 steel slag achieved 26-29% lower compressive strength than that of conventional concrete.
406
The concretes produced with 100% of coarse recycled aggregates suffered a reduction of 42% 
CONCLUSIONS
420
The following conclusions can be drawn from the results of this study: List of Tables   Table 1. Chemical composition of cement  Table 2 . Physical properties of the aggregates Table 3 . Chemical compositions of freshwater and seawater Table 6 . Physical properties of concretes produced in laboratory Table 7 . Mechanical properties of concretes produced in laboratory Table 8 . Durability properties of concretes produced in laboratory Table 9 . Physical properties of the concrete specimens of each concrete block Table 10 . Mechanical properties of concrete specimens of each concrete blocks produced within the port of Barcelona Table 11 . Durability properties of the concrete specimens of each concrete block Table 12 . Properties of cores extracted form concrete blocks Table 3 . Chemical compositions of freshwater and seawater. 
